Abstract-SOA is an architectural that aims at promoting reuse, integration, composition, flexibility, and agility. However, adopting SOA is a process that needs to be governed in terms of planning, design, realization, and evaluation with a certain level of maturity. There exist many SOA maturity models from both industry and academia, which, with the misconceptions of SOA, gets enterprises confused when deciding SOA adoption. This work first relates some maturity models to Capability Maturity Model Integration for Service. Then it presents a SOA maturity framework to guide the adoption process. This would help an enterprise to: (i) understand SOA adoption, (ii) know its state, (iii) adopt a model or develop its own model, and (iv) govern SOA, namely why, when, and how to progressively move to higher maturity.
contracts-that should be understood by the consumers and governed by policies to which the consumers adhere. Then, effectively use the service system to make its business processes flexible and responsive to business events of different natures, i.e., different types of customer demands. And finally, seek agility to face changes in business such new model, merging, acquisition, or any transformation that affects its business model or plan. These are different steps of a full SOA adoption process. This process needs to be managed (or governed), i.e. planned, designed, implemented, and evaluated. This governance entails practices and capabilities and requires resources. A set of practices, capabilities and resources express a certain level of maturity of SOA adoption process.
Meanwhile, there exist several models from both industry and academia, which may get enterprise confused when engaging in SOA adoption effort, as each enterprise has its specifics in terms of business model and business processes, and the required resources.
First, we relate some existing maturity models to Software Engineering Institute (SEI) Capability Maturity Model for Service (CMMI® for Services (CMMI-SVC) [11] . Then, we advocate for a maturity framework that emphasizes the aforementioned steps of the adoption process instead of the whole process as recommended by the existing maturity models. Indeed, while business and IT should be aligned, they have different expectations from SOA and consequently different perspectives. The proposed maturity framework considers distinct SOA maturity models for: (1) reuse, (2) integration, (3) composition, (4) flexibility, and (5) agility.
This would help an enterprise to: (i) understand SOA adoption requirements and benefits, (ii) position its maturity to reach certain benefits by adopting SOA, and (iii) plan to progress, in parallel, towards the whole process.
The remainder of the paper is organized as follows: the next section presents some SOA maturity models and relates them to CMMI-SVR. Section III details the proposed framework. Section IV specifies the requirements for SOA adoption.
Finally a conclusion section presents some open issues.
II. SOA MATURITY MODELS
SOA maturity models provide an abstract overview of SOA adoption by characterizing evolutionary levels [5] - [12] . They can be thought of as a collection of key practices to optimize a business or IT well-defined architecture. They can be used to control and to measure the progress of SOA adoption [13] . SOA maturity models constitute a management tool to get an overview over SOA and to help during the whole process of SOA adoption. They provide a basis for communication among stakeholders. Most of SOA maturity models are based on CMMI-SVC. SOA Maturity Models: Guidance to Realize SOA
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A. Capability Maturity Model for Service
The CMMI® model is designed to guide and improve mature service practices, which contributes to the performance of the service provider performance and the satisfaction of the service consumer. For CMMI, a service is "a product that is intangible and non-storable". That is a service is a useful intangible and non-storable result delivered through the operation of a service system. SEI defines a service system as "an integrated and interdependent combination of component resources that satisfies service requirements". Some of these resources can belong to customers or suppliers.
CMM models focus on improving processes in organizations. They describe elements of effective processes and an evolutionary improvement path from ad hoc, immature processes to disciplined, mature processes with improved quality and effectiveness.
Maturity levels are defined as evolutionary process improvement, which helps in predicting the future performance of an organization by describing the range of expected results [11] . The CMMI defines six capabilities levels in the continuous form as shown in Table I . Adopt the process to meet relevant current and projected business objectives through continuous process improvement
B. SOA Maturity Models
Several SOA maturity models do exist in both industry and academia. We first briefly introduce samples of them. We present two maturity models from industry: SIMM by IBM and SOAMM (Wipro Technologies) and two from academia: CSOAMM (Consolidated SOA Maturity Model) and Welke"s model. Then, we relate them to CMMI.
1) IBM SOA maturity model: service integration maturity model (SIMM)
IBM proposed a SOA maturity model Service Integration Maturity Model (SIMM) [14] . The level of de-coupling and amount of flexibility achievable at each stage of maturity are what make up the following seven levels of maturity: "Silo" (data integration), "Integrated" (application integration), "Componentized" (functional integration), "Simple services" (process integration), "Composite services" (supply-chain integration), "Virtualized services" (virtual infrastructure), and "Dynamically reconfigurable services" (eco-system integration). Each level has a detailed set of characteristics and criteria for assessment as summarized in Table II. 
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Composite service
Supply chain integration
The connection between business processes and services is the most important issue. 
2) SOA maturity model SOAMM (Wipro technology)
Inaganti and Aravamudan [15] proposed a framework of SOA that is based on a study of other maturity models developed by other industries. Their SOA maturity model is made up of five levels as summarized in Table III : "Initial services", "Architected services", "Business services", "Measured business services", and "Optimized business services". The proposed SOA maturity model takes the following aspects of SOA into consideration to get a full picture of an organization"s current level of SOA maturity. These are: (i) Scope of SOA adoption: "Intra department", "Inter-department/Business unit", "Cross business unit", and "Enterprise/Supply chain", (ii) SOA maturity level; i.e., capabilities of the architecture (e.g., fundamental SOA, networked SOA, process-oriented SOA), (iii) SOA expansion stages, (iv) SOA Return On Investment (ROI), and (v) SOA Cost Effectiveness and Feasibility. For instances, fundamental SOA uses initial services at intra-or inter-department. Networked SOA uses business services by cross business unit, where the ROI is the maintainability. A process enabled SOA uses optimized business services for supply chain. 3) CSOAMM Maier in [12] compared SIMM and SOAMM to come up with a consolidated model CSOAMM (Consolidated SOA Maturity Model) that is made up of 9 levels as summarized in Table IV . The author claims that CSOAMM is not created to be maturity model. It is instead created for a better understanding of the SIMM and SOAMM. CSSOAMM has 10 levels numbered from -2 to 7 to combine SIMM and SOAMM. [5] proposed a new SOA maturity model that accounts for the different motivations for SOA adoption by IT administrators, business managers, and enterprise leaders. They describe 5 maturity levels as shown in Table V: "Initial", "Managed", Defined", "Quantitatively Manage" and "Optimized". Each level has six dimensions or attributes: "SOA view", "Benefit and metrics", "Business involvement", "Methodology", "Service sources", and "Governance". For instance "SOA view indicates the maturity progression. They present a framework as SOA maturity cube to: (i) help organizations identifying their current level, and (ii) determine how to progress towards the next level, i.e. from the narrower IT-driven (e.g., infrastructure efficiency, reuse, application composition, data integration) to broader Enterprise-driven (e.g., BP analytics, enterprise flexibility and agility, enterprise transformation).
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For Welke et al. [5] , an enterprise may start first by preparing its service infrastructure and platform so that its information system becomes a service system. Next, effectively use the service system to make its business processes flexible and responsive to business events of different natures such as different types of customer demands. Then seek agility to face changes in business such new model, merging, acquisition, or any transformation that affect its business model or plan. 
C. Relationship to CMMI and Remarks
When we relate the aforementioned models to CMMI, as summarized in Table VI , we note certain confusion due namely to the misconception of SOA and the alignment of business with IT. It mainly indicates that he models do not have the same understanding of the concept of maturity of SOA adoption process. Therefore, a simpler model is required.
III. GUIDANCE FRAMEWORK TO ADOPT SOA Unlike the above-described SOA maturity models that consider SOA adoption as a whole process with different levels of maturity (mostly adopted from CMMI), our proposed maturity framework is built on CMMI-SRV and Welkes" model to advocate for a process made up of three coordinated steps that can run in parallel. The steps map respectively to the objectives, resources, and capabilities of (1) IT people, (2) business managers, and (3) business owners, as depicted in Fig. 1 . Indeed, to adopt SOA for the sake of both business and IT, namely their alignment, an enterprise needs
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The business owners are concerned with the business value. The business managers are concerned with the agility of the business and the flexibility of the business processes. IT people are concerned with the service system that allows reuse for cost effective application integration and composition. 
A. The Guidance Framework Specified
The SOA maturity framework represents the elements of SOA adoption environment, the relationships between the elements and the constraints (if any). The framework is used to guide and constraint a process to adopt SOA. In the following subsections, we first introduce some definitions of SOA and the expectations from its adoption. Then, we specify the framework in terms of elements, relationships and constraints.
1) Service oriented architecture
SOA has been debated both in the academy and industry. Consequently, there are many definitions of SOA [4] , [8] , [9] , [16] - [19] . For instances, OASIS defines SOA as "a paradigm for organizing and utilizing distributed capabilities that may be under the control of different ownership domains. It provides a uniform means to offer, discover, interact with, and use capabilities to produce desired effects consistent with measurable preconditions and expectations." Cummins in [8] defines SOA as "a business architectural style, where the enterprise is organized into service units." Marks and Bell in [16] define SOA as "a conceptual business architecture where business functionality, or application logic, is made available to SOA users, or consumers, as shared, reusable services on an IT network." In [9] Davies et al. consider SOA as architectural style for both business and IT. Ren and Lyytinen in [18] state "SOA is primarily regarded as a technical architecture consisting of tools and service specification to build loosely coupled applications. At another level it is also a means to leverage flexibility and agility to system services." Welke et al. in [5] note that SOA may be driven by business or IT. From a technology perspective, SOA is commonly thought of as architecture style that builds on loosely coupled, interoperable and composable components or software agents called services. Hirschheim et al. in [19] found that there is a "disconnect" between the in-print prescriptions regarding SOA and what is actually happening. For example, the vast majority of organizations were using SOA as an IT architectural initiative rather than as a business transformation tool. Perhaps because of this technology focus, most organizations did not see SOA (and services in general) as a vehicle for solving larger business needs, but rather as "IT things to be consumed by IT.
The misinterpretations of the nature of SOA may impede its adoption [3] , [18] .
To avoid these misinterpretations, we can characterize SOA and its adoption by some basic, common characteristics:
 SOA is an architectural style. As such, its main components are services implementing contracts that should be understood by the consumers and governed by policies to which the consumers adhere. Originally, SOA involves three actors and three operations. The actors are: service provider, service consumer, and registry, whereas the operations are: publish, find, and bind.  SOA enables sharing of capabilities provided as services.
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Services in an SOA are modules of business or application functionality with exposed interfaces, and are invoked by messages. Services have well-defined interfaces based standard protocols (usually web-services but most definitions mention that it is not the only possible implementation) as well as quality of services attributes (or policies) on how these interfaces can be used by service consumers.  SOA may be driven by business or IT as shown in Fig. 1 .
For business owners, SOA adds value to all the stakeholders. For business managers, the benefits of SOA are flexibility of business processes, and agility of the business. For IT people, SOA promotes integration of data, composition of applications supporting business processes. The goal of SOA is to increase the alignment between business and IT and achieve business agilitythe ability to respond to changes quickly and efficiency.  More importantly, SOA may be adopted progressively in a step-wise process. Each step corresponds to a certain level of maturity. We assume that if SOA adoption process reaches a certain level of maturity, it could align the business with its IT and optimize the value chain.
2) SOA Adoption expectation
We expect from SOA to allow service reuse, application integration and composition, business process flexibility and business agility  Reuse: one of the most common reasons for adopting SOA is the possibility of reusing services for cutting cost and saving time, though SOA is more about the ability to change rather than reusing services out of their original context. Reuse is also useful for a SOA transition in an evolutionary process.  Integration is one of the primary drivers for SOA, as the Enterprise Application Integration (EAI) (i) is data-centric and not process centric, (ii) cannot keep with the business process change, (iii) does not address the business process, and (iv) solutions are very complex and very expensive to maintain. Moreover, business managers seek data and application functionality that cross the existing siloed applications.  Composition: SOA can be used to compose service in an orchestration or choreography to realize business processes  Flexibility is responding to the client base changing needs by rapidly reconfiguring the business processes. SOA can play a major role with respect of the presentation and interpretation of data in order to change the execution pattern of business process.  Agility is rapidly responding to changes in the environment and reacting quickly and efficiently. SOA can be used to sensing the need for change and responding. Therefore, planning for SOA service delivery requires an anticipation of the needs derived from business process execution flexibility and focusing on servicing data as well as external evaluation data.
3) Elements of the framework
The elements of the SOA maturity framework are: business owners, business managers, IT people, business model, business process, and service system a) Business Owners A business owner is the one who expects a certain value from a business.
b) Business Managers
Business managers are accountable for describing and designing the architecture of the business, namely the value creation mechanism. c) IT people IT people are responsible for the management of the IT infrastructure, platform and applications that support the business processes.
d) Business Model
A business model describes the design or architecture of the value creation and delivery and captures the mechanisms it employs [20] . We consider a value-oriented approach, where the concept of business value is best viewed as a network of services provided by/to customers, partners, suppliers, or regulation authorities, which constitutes a value network (or value chain). In a value chain, value creation is viewed as collaborative, creative, synergistic business processes, where a business process is itself a service of more coarse-grained granularity than the fine-grained IT-services that support it.
e) Business process A business process has a value expressed as a service provided to stakeholders, especially customers upon their demands (of different natures). These demands constitute the business events that trigger (initiate) the business process. A set of coordinated, controlled, synergetic activities realize the service. Therefore, a business process has a set of state values (including initial and final state values) that reflect its executions. The business process modeler sets and changes the state values over time when business requirements change. The information system, which is a representation of the assets of the business, namely its business objects (e.g., customers, bill, orders, or items) supports the business processes by providing them with the data they consume. A business object is "a representation of a thing active in the business domain, including its business name and definition, attributes, behavior, relationships, and constraints." (OMG) f) Service system SEI defines a service system as "an integrated and interdependent combination of component resources that satisfies service requirements".
4) Relationships between the elements
The relationships between the elements of the framework are summarized in Table VII . The most important are shown in Fig. 1 .
 Business owners seek value and nominate business managers  Business managers architect the value creation and manage the business, including its architecture  IT people design the service system and use SOA for cost effective integration and composition through reuse  Business owners, managers, and IT people have different expectations from SOA as shown in Fig. 1 . In addition, to enforce the alignment-that requires a direct mapping from the concepts used in business into those used in the supporting IT, we first need to model the business process with services that map directly to IT services in a Model Driven-like process. Then, we transform the information system into service system. Finally, we build the maturity framework, where the service system and the business processes are key, central elements.
A. Service-Oriented Business Process Modeling
A business process model captures the relevant properties with respect to the above-mentioned definition of business process. Therefore, we model it by using specialized services. Business process modeling emphasizes the separation of concerns that differentiate the activities of control and execution. Similarly, the data packaged into business objects are separated from the state of the business process. Therefore, we specialize a service into controller service, state service, and worker services [21] .
The controller service is the central element of our modeling. It oversees a business process execution through its state. The controller service deals only with the control and coordination of the business process. It invokes a state service to retrieve the state of the business process; and accordingly invokes the respective worker services and updates the business process state when any of the worker services terminates its job. The controller service is invoked by an initiator web service. The worker services add value to a business process towards the achievement of its goal. Worker services are provided by business objects. These services are related to each other as follows:
 A business process is associated with an event, a set of business objects, a set of states, including an initial state, and a final state.
 A service may be a controller service, a state service, or a worker service.  The controller service uses both worker services and state service. The latter provides it with the state of the business process, whereas the former perform the required activity. The initiator worker service uses the controller service.  The worker services are realized in the information system the business objects, whereas the SS is realized by a specific data structure representing the state values.
B. Transformation of the Information System into Service System
We propose to use different techniques transform the existing information system into a service system that supports the business processes and make them flexible, namely (i) reverse engineering information systems, including legacy applications and database, and a way to map previous, existing Enterprise Portfolio Services, (ii) extract services from exiting business processes, or (iii) reuse Partner and Provider Services. In this reverse engineering phase, everything becomes services. Later on, a restructuring phase will specialize these services into controller services, state services, or worker services and assign them to their respective real or artifact business objects that play the role of service system [10] .
C. SOA Adoption Process
The framework guides a SOA adoption process that is made up of three coordinated steps that can run in parallel. The steps map respectively to the objectives, resources, and capabilities of (1) IT people, (2) business managers, and (3) business owners, as depicted in Figure 1 and detailed in Table  7 . Indeed, to adopt SOA for the sake of both business and IT, namely their alignment, an enterprise needs to have a SOA adoption process that satisfies the objectives of the business owners, the business managers, and the IT people.
V. CONCLUSION
This work has first developed a framework for SOA maturity. The elements of the framework are business owners, business managers, IT people, value, business models, business processes, and service system. The framework has been used to guide a SOA adoption process. The process is refined with Welkes" model into three coordinated steps that can run in parallel. Each step has a distinct maturity model with respect to CMMI-SRV. The steps map respectively to the objectives, resources, and capabilities of (1) IT people, (2) business managers, and (3) business owners. Indeed, to adopt SOA for the sake of both business and IT, namely their alignment, an enterprise needs to have a SOA adoption process that satisfies the objectives of the business owners, the business managers, and the IT people.
The work advocates for a SOA adoption center to manage and coordinate the three steps.
Unlike the existing SOA maturity models that are hard to implement, the proposed process is simple to understand and manage, including its planning, design, realization and evaluation.
This work is limited to the framework and the process. It does not cover the coordination center and the required management and coordination tools This work can further developed towards a methodology for adopting SOA, including models and tools.
